INTRODUCTION
============

National calls for a transformation in STEM pedagogy have forced a re-examination of how practitioners approach curriculum design and instruction ([@b1-jmbe-19-105]). A large body of literature has demonstrated the effectiveness of backward design in carefully aligning measurable learning outcomes with activities and assessments ([@b2-jmbe-19-105]). Approaches that follow this model may differ in nuance, but generally overlap in asking the instructor to consider the outcomes they want to achieve before designing specific activities and assessments for the course ([@b3-jmbe-19-105]). Outcomes-based approaches, however, are not a new phenomenon. There is a long history of design thinking in other fields, and its use in nonacademic contexts create opportunities for academics to understand its applicability ([@b4-jmbe-19-105]).

While current course-design approaches incorporate a degree of design thinking, there are a few inherent challenges associated with traditional approaches. First, good course design can be time consuming. The investment needed to align every component of the course with learning outcomes while accounting for logistical restrictions does not often match the available time instructors have to do so. Second, transferability and thus replicability of the course can be problematic. Documentation of specific courses can be a compendium of various documents, whose relevance instructors in new contexts may have trouble determining. Examining design thinking from project management in the nonacademic world may elucidate strategies to simplify the application of the process in higher education ([@b5-jmbe-19-105]).

Logic models are one frequently used approach to project design ([@b6-jmbe-19-105]). They are structured outlines used to identify and monitor goals and necessities, design comprehensive initiatives, and foster collaboration ([@b7-jmbe-19-105]). They demonstrate a clear relationship between a program's purpose and its results by identifying the means needed to reach situation-specific ends while mapping out a clear path to success ([@b8-jmbe-19-105]). Typically using a flowchart style, the model is often also used to measure and evaluate program efficacy ([@b8-jmbe-19-105]). Current course-design approaches emphasize the fidelity of assessments with other aspects of the course structure. While worthwhile, these approaches may not fully capture the scope of what each learning component (formative and summative assessments, learning activities, etc.) requires. Current approaches also do not lay out, as an explicit part of the process, the contextual factors of the course. For example, what assumptions are being made about the nature of the incoming students? How is the instructor's social positioning and sense of otherness affecting the personal interactions in the classroom? In this way, logic models can be thought of as the junction where backward course design can intersect with inclusive teaching ([@b9-jmbe-19-105]). It also gives the instructor a means to more clearly tie together the long-term, future goals for their students, the mechanics of the course experience, and the situational context of the course.

In this manuscript, we describe how we used a logic model approach to design and implement several iterations of an introductory biology course in a large, public research university ([Appendix 1](#sup1){ref-type="supplementary-material"}). We describe aspects of our template as they pertain to our situation. Our goal is for instructors to draw useful lessons applicable to their own courses from how we used the logic model as a design-thinking tool.

DISCUSSION
==========

The logic model can be used to chart a course's learning goals and how specific objectives can be attained throughout the course's duration ([@b10-jmbe-19-105]). Main components of the model include *Inputs* (resources needed for program implementation), *Outputs* (specific actions expected of the stakeholders in the process), and *Outcomes* (specific overall learning goals and changes expected to occur as a function of the generated activities) ([@b8-jmbe-19-105]). Outputs can be broken down further to identify the specific activities expected of the stakeholders and the ways in which stakeholders will be expected to participate in the course. A useful mnemonic device for the appropriate elements to include was suggested by Porteous et al. ([@b11-jmbe-19-105]): the acronym CATSOLO stands for **c**omponents, **a**ctivities, **t**arget group, **s**hort-term goals and their **o**utcomes, and **l**ong-term goals and their **o**utcomes.

The course discussed here is a high-enrollment introductory biology course taught at a large, public research institution in the northeastern United States. Students in this course are a mix of biology majors and students from other departments who require a biology course to fulfill the requirements of their STEM major. Biology majors take this course as the first in a two-part sequence. Below, we discuss our model following the backward design mindset.

Outcomes
--------

We began our logic model (see [Appendix 1](#sup1){ref-type="supplementary-material"}) for this course by first considering our semester-long learning goals---the broader set of skills we ultimately hope students take from the course. The backward design used here is informed by Fink's taxonomy, which gives equal primacy to the human dimension of the learning process ([@b12-jmbe-19-105]). Our course design thus incorporates goals that are both content-related and cognizant of the human dimension of learning. We categorized our outcomes as short-term, medium-term, and long-term according to the timeframes in which we envisioned learning outcomes being attained. Long-term outcomes refer to our view of what students will become in the future, and the ways in which skills developed in our course will impact that. These outcomes are meant to address the question, Who do we want students to be? When practitioners are challenged with this question, most quickly identify that they wish for critical thinking skills and social maturation to catalyze the evolution of a civically engaged adult. Long-term outcomes serve as the philosophical guide for the adjudication of the course.

Medium-term outcomes focus on the skills that we would like the students to leave with immediately upon completion of our course. We used Fink's taxonomy to develop these learning outcomes and categorized them in accordance with predetermined topics used for introductory biology content. In addition to content-specific learning outcomes, we also included skills related to teamwork, reflection, and community-building. The logic model only lists the unit-level learning as discussion of the full suite of specific outcomes is beyond the scope of this manuscript. These are, however, listed in detail in the course's syllabus ([Appendix 2](#sup1){ref-type="supplementary-material"}).

Short-term outcomes refer to skills we would like to see demonstrated within the period of a day's class or a week of instruction. The taxonomy used here does overlap some with that used in the medium-term category, but we find it important to the evolution of a strong course dynamic to continuously monitor the degree to which students are engaging in the experience. For this reason, short-term outcomes are not necessarily *learning* outcomes. They include our assessment that students are in fact completing given assignments, engaging fully in the team projects, and confident enough to articulate to us any difficulties they may be experiencing. A culture of monitoring such outcomes creates a more explicit angle for early intervention with students who exhibit early struggles in the course.

Outputs
-------

Outputs in the logic model are the specific activities generated by the ways in which the situation-specific inputs apply to a course (see below). In other words, outputs is an amalgamation of everything that happens during the semester. Robust STEM course designs typically contain a healthy mix of learning activities based on (a) course outcomes and (b) assessments (formative and summative) that measure the degree to which those outcomes were met. The output component of the logic model is a listing of both learning activities and assessments. We use a Deep Teaching approach ([@b13-jmbe-19-105]) to our course design. This pedagogy is rooted in the teachings of Paolo Freire ([@b14-jmbe-19-105]) who emphasized the need to build relationships and engage students' cultural histories to enhance the learning process. This means that the instructor is also a key (but not necessarily central) stakeholder in the outputs of the experience.

For our course, we chose to divide the outputs into activities and participation. We define activities here as the suite of tasks students are required to do as members of the community of learners. These include the various assignments associated with the Web-enhanced pedagogical model we employ and the associated assessments of students' competencies. For example, students are asked to complete pre-class readings, watch pre-recorded lectures, and read assigned chapters before the face-to-face part of the class. In the physical classroom, there are additional required tasks related to the learning outcomes of the day.

Participation is the degree to which students physically engage in the various elements of the course that were designed to meet the learning outcomes. Unlike activities, participation is not mandatory, but it is hoped that the structure of the course as determined by the learning outcomes encourages students to dialogue with their colleagues and the instructor in meaningful ways. Attendance at office hours, engaging team members inside and outside the classroom, and interactions with the instructor during class sessions are all examples of participation.

Inputs
------

Inputs are the conditions required for the successful attainment of the learning outcomes of a course. Regardless of course type, some of these conditions need to be determined before the first day of instruction. In accordance with Freirean philosophy, our course is built on an explicit need to have *awareness of self* as it pertains to social positioning, and a deep understanding of the broader and specific social realities of the students who will take the course ([@b15-jmbe-19-105]). Therefore, activities that assist instructors in understanding their potential implicit biases (for example the Implicit Association Test \[[@b16-jmbe-19-105]\]) and privilege are critical to the preparation process. Additionally, creating a dataset on the attributes of the students by sending out pre-class surveys is useful for getting a sense of the students' academic and social profile and developing empathy for them before the course begins. The nature of the incoming students and the social goals of the instructor then determine the other inputs of how the classroom climate is created, and the specific nature of the content-related pedagogies used.

We use a Web-enhanced pedagogy for this course. Students are required to complete online assignments, view video lectures, and complete textbook readings at home. Face-to-face time is used to engage in deconstruction of concepts students still find confusing after completing the preparation work. Deconstruction may entail interrupted lectures or additional problem sets with guidance on solution approaches. The choice of method depends on our determination of the best means to meet the learning outcomes of the day. Classroom climate is defined as the general temperament created in the course as a function of a number of factors including the physical layout of the classroom, the nature of the verbal interaction with students, and the structure of the interactions between the students. Time is spent before the course begins to work on the instructor's delivery style, fine-tune the mechanics of group-work support from the course's learning assistants, and update activities that facilitate the development of respectful feedback.

Assumptions
-----------

The implementation of our introductory biology course is predicated on some assumptions which we accept the responsibility of ensuring during the delivery of the course. First, we assume that the course is implemented in a space that is somewhat conducive to active learning. In a perfect world, this space would contain movable tables and chairs to ensure seamless collaboration, but we have been able to facilitate small-group work in classrooms with conventional lecture seating as well. Second, we assume that students are willing to engage in this style of pedagogy. Given the reality that many students may come in to the course expecting a didactic experience, we understand the need to intentionally communicate the value and expectations around our particular style of course. Third, we assume that the technology (Wi-Fi strength, courseware functionality, etc.) we rely on for much of our pedagogy will remain glitch-free throughout the semester.

External factors
----------------

The implementation of the course each semester is affected by a number of external factors both specific to our location and as a function of more general identity-related psychologies. The academic context of students matters. Students who are taking the course as a service to their nonbiology-major curriculum may desire different outcomes than do students who are expecting this course to lay the foundation of biology-specific contexts later on in their major's curriculum. Social contexts of the course may have profound impacts on the process. The instructor's self-awareness of implicit bias and worldview of pedagogy is likely to affect the ways their teaching is operationalized. At a predominantly white institution, such as the one where this course is taught, there is the likelihood that historically minoritized students may endure identity contingencies such as stereotype threat ([@b17-jmbe-19-105]) and reduced sense of belonging ([@b18-jmbe-19-105]). Consideration of these and other socioeconomic factors is crucial to the nature of the inputs to the model. The college transition process can also impact the ways in which students engage in the course. For our population, based on prior experience, we always anticipate spending time on facilitating good habits related to studying and time management. Additionally, we recognize that the transition into the college environment likely represents a critical stage in the development of students' science identity ([@b19-jmbe-19-105]). The pedagogy of our course needs to facilitate and nurture this development. Lastly, we understand that the pedagogical style of other courses (especially STEM courses) matters. A course designed to be student-centered will resonate differently with students if it is the only such course they are taking, or if it is one of many guided by that approach.

CONCLUSION
==========

A completed logic model should be read from start to finish like a chain of interconnected "if, then" statements ([@b8-jmbe-19-105]). By applying a backward-design approach using the logic model to our course, we were continuously cognizant of applying our overall mission---the goals of the course---to the specific daily strategies that promote student success ([@b20-jmbe-19-105]). Working from the macro to the micro level allows for thoroughness and the development of a purposeful action-based classroom experience. It clarifies what we need to do ourselves and what we need to seek from our institution in order to create a structured environment that fosters students' understanding of course material and impact.

We consider the logic model a companion to a syllabus, expounding upon that document in such a way that we can better elucidate the means necessary to achieve the aims outlined within it. The logic model provides a framework and catalogue of what we need to implement and achieve on a daily basis, and a structure to assess the success of our efforts. The logic model can be applied to different types of course design as well, but its attentiveness to both long- and short-term goals makes it particularly useful for a backward-designed course.

We hope to provide an experiential and discovery-based approach to learning fundamentals of biology for all of our students. To be truly student-centered, it is important to distinguish between the set goals of a curriculum and the process by which we can aid students in achieving those goals. The minimalist structure of the logic model allows these complex interactions to be simplified and clarified in a more attainable format, which we can then reference throughout the semester as a means of assessment. We suggest using the logic model approach to guide backward design and lay groundwork for a curriculum using its most essential and foundational components.
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